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Outline

Application examples of the SCALE Code System in our
group

A TRITON/NEWT: Modelingf Hexagonal Geometries

A KENO:Criticality Safety Calculations

A TRITON/NEWTSpent Fuel Calculations

A MAVRIC/ORIGENActivation Analysis
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Generation of Cross Section Library for Reactor
Burnup Calculations

PointwiseData (ENDF/B)
Reactor burnup calculations are a two -step procedure that consists of [ Resonancealculation @}
an assembly calculation with deterministic transport code followed by ¥
reactor core calculation with nodal diffusion code. / MG Library Klundred$ \
First step | cross section library generation : Several branches of lattice 1D P"‘Ce”ca'cu'ati_or@
. . Resonanc€alculatior
calculations for fuel assemblies and reflectors have to be performed to
generate two-energy group XSlibrary parametrized as function of burnup § Condensed Group®6zeny
and 5
©
- Moderator density 4 S
o
>
c
- Fuel temperature 5
- Boron concentration b \2D TransporCaIcuIation/
_ i 3DReactorCoreCalculation
- RoddedlUnroddedsituation N % FewGroups {wo or four)
FewGroup ConstantsReactiorRates/
We useTRITON/NEWTrom SCALE.2.4for the cross section library generation.
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Lattice Cell Calculations with TRITON/NEWT

FA type | Number of Fuel Pins/Enrichment Number of Gadolinia Pins Number of FA in
(wt.% of 235U) (wt.% of Gd,0,/ 2°U) the Core
[ U39A9 | 243/4.0, 60/3.6 | 9 (5.0/3.3) | 24

Due to the large absorption cross section for thermal neutrons Gd bearing
fuel pellets deplete by layers from the outside to the inside (Nonion-s ki n A
effect ) v differences in the flux shape across the fuel pin v manual

subdivision of the Gd region into a number of annular zones of equal

349 read celldata
350 latticecell atriangpitch pitch=1.275 6 imodr=0.06 2 fuelr=0.38 3 gapr=0.3865 4 cladr= 0.455
35lmultiregion cylindrical right=white end

area

U0,/Gd,04

352
393
354
355
356
Shyl
358
359
360
361
362
363
364
365
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7 0.06000
8 0.13297
9 0.17821
10 0.21410
11 0.24479
12 0.27203
13 0.29678
14 0.31962
15 0.34094
16 0.36100
17 0.38000
18 0.38650
19 0.45500
20 0.57974 end zone

1=t-depl parm=(addnux=2)
2 39AU09
3v7.1-252

4

5 read comp

17
18
19
20
21
22
23
24
25

' type 1:
He-3
He-4

' type 1:
0-16
U-235
U-238

' Type 1:
He-3
He-4

' Type 1:
Hf-174
Hf-176
HE-177
Hf-178
HE-179
Hf-180
Nb-93
Zr-90
Zr-91

2 0 2.68563e-11
2 0 2.68563e-05
uo2 enrichment 4.0

3
3
3

4
4

0
0
0

0
0

cladding

5

(SRS RS RS RS R S RS, G |

0

OO0 O0OO0OO00 OO0

4.57890e-02
9.27010e-04
2.19670e-02

2.68563e-11
2.68563e-05
ell0

.76794e-08
.81211e-07
.05523e-06
.01434e-06
.50496e-06
.87622e-06
.24567e-04
.20133e-02
.80056e-03

BN R WR WO

578
578

900
900
900

578
578

616.
616.
616.
616.
616.
616.
616.
616.
616.

.0 end
.0 end

.0 end
.0 end
.0 end

.0 end
.0 end

end
end
end
end
end
end
end
end
end

[ - - - R B R e R I

(5]

end

366 latticecell atriangpitch pitch=1.275 28 imodr=0.06 24 fuelr=0.38 25 gapr=0.3865 26 cladr=0.455 27 end
367 end celldata
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Generation of Cross Section Library for Reactor

Burnup Calculations with TRITON/NEWT

To avoid geometry errors we used holes (not lattice !) in order
pins within the hexagonal fuel
assembly w calculation of the position of each pin by a

to place individual fuel

modeler v long input

205090,

no@@g@%0©
D¢ o‘@ ‘(%»;:‘Q;S@fsr\
(O @>=(0)=~(0Pp(0o)<(0)=(0)<(0)

(o)
%a%»‘ih.gbugbuéh 05909
P00 =20 @}4& (o)

6926262692609, 69,
26220202620 232620!
Q50507 0E0505 00505
(o)=(0) (n$<o,«§»ﬂg, @Q,*n)(o;
162623262020 2626%0
62695960595 95959,
ﬁﬁﬁkgeﬁﬁsn¢§h§&t§§gﬁg
202020202020,
(4§h§3»§0‘«c,

(o)

S6305 #r# st st ddsd it ad AR a e a AR E R R e R R i E R e AR R R E R ER A R R AR A AR R AR AR AR R R AR AR ER A
TRITON Isotopics Summary (via ORIGEN/OPUS) #
56307 #r# s dnssdsdri it it i dde i dn i eddtdet e d i de i idr i et A de R it d e A de R it a e e R dndR ARt a R dn R AR AR R e Anande

56306 # End Section:

56308
56309
56310
56311 sequence T-Depl is finished. completion code 0.

Pre- and post-processing of branching calculations by self -
developed programs (e.g. IDL) necessary

527 global unit 6
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555 hole
556 hole

528

528 hexprism 1 11.
530 hole 5 origin
531 hole 5 origin
532 hole 5 origin
533 hole 5 origin
534 hole 5 origin
535 hole 5 origin
536 hole 5 crigin
537 hole 5 origin
538 hole 5 origin
539 hole 5 origin
540 hole 5 crigin
541 hole 5 crigin
542 hole 1 origin
543 hole 1 origin
544 hole 1 origin
545 hole 1 corigin
546 hole 1 origin
547 hole 1 corigin
548 hole 1 corigin
54% hole 1 corigin
550 hole 1 origin
551 hole 1 origin
552 hole 5 origin
553 hole 5 origin
554 hole 1 origin

2
1

origin
origin

755

y=-12.750 ==0.0
y=-12.113 ==1.104
y=-11.475 x=2.208
y=-10.838 =x=3.313
y=—10.200 ==4.417
y=—9.563 x=5.521
y=—-8.925 x=6.625
y=—-8.288 x=7.729
y=—T7.650 x=8.833
y=—T7.013 x=9.938
y=—-6.375 x=11.042

y=-12.113 x=-1.104
y=—11.475 ==0.0
y=—-10.838 ==1.104
y=-10.200 ==2.208

y=-9.563 x=3.313
y=-8.925 x=4.417
y=-8.288 x=5.521
y=-T.650 x=6.625
y=-T7.013 ==7.729
y=-6.375 x=8.833
y=-5.738 x=9.938
y=-5.100 x=11.042

y=—-11.475 x=-2.208
y=-10.838 =x=-1.104
y=—10.200 ==0.0
y=—9.563 x=1.104

312positions

841 hole 1 origin y=7.012 ==-7.729
842 hole 1 origin y=7.650 x=—6.625
843 hole 1 origin y=8.28B7 x=-5.521
844 hole 1 origin y=8.925 x=-4.417
845 hole 1 origin y=9.562 ==-3.313
846 hole 1 origin y=10.200 x=-2.208
847 hole 1 origin y=10.B37 x=-1.104
848 hole 1 origin y=11.475 x=0.0

84% hole 5 origin y=12.112 x=1.104
850 hole 5 origin y=6.375 x=-11.042
851 hole 5 origin y=7.013 x=-9.938
852 hole b origin y=7.650 x=-8.833
853 hole 5 origin y=8.2B7 ==-7.729
854 hole 5 origin y=8.925 x=-6.625
855 hole 5 origin y=9.562 x=-5.521
856 hole b origin y=10.200 x=-4.417
857 hole 5 origin y=10.838 x=-3.313
858 hole 5 origin y=11.475 x=-2.208
859 hole 5 origin y=12.112 x=-1.104
860D hole b origin y=12.750 x=0.0

861 hexprism 2 11.

B62media 6 1 1
863 media 1 1 2 -1
864 boundary 2 44 44
865 end geometry
866

867 read bounds
868 all=white
869 end bounds

870

871 end model

872 end
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Generation of Cross Section Library for Reactor
Burnup Calculations with TRITON/NEWT

Tiuel = 900 K, Tyjpy = 616.6 K; Togp = 578 K, Cyoron = 600 ppm

We used two different computational paths 02800 12500
0,9600 CASMOS SCALE L2000 CASMOS SCALE
for the cross section library generation: o u13 1’1500 u39a9
TRITON/NEWT from SCALE 6.24 and S oo £ 11000
0,8600 1,0500
CASMO5 (Studsvik Scandpower). 08400 -
0,8200
0,8000 0,9500
0 5 10 15 20 25 30 0 5 10 15 20 25 30
burnup [MWd/kg] burnup [MWd/kg]
Both approaches are appropriate for the 11500 125
. . i 1,1000 CASMO5 SCALE 1,2 CASMOS SCALE
neutron physical description of the . u22 . u39b9
hexagonal fuel assemblies and provide the £ 10 £ u
0,9500 1,05
necessary quality for the reactor 03000 ;
SimUIation . OJSSOOO 5 10 15 20 25 30 O950 5 10 15 20 25 30
burnup [Mwd/kg] burnup [Mwd/kg]
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Criticality Safety Assessment in a Fuel Fabrication
Plant with KENO

Criticality safety analyses :

A Demonstration of the compliance with the safety requirements

A ldentification of ways of further reducing risk at different

assembly production stages

An accurate modeling of complex structures

7 Reactor Systems | TN EnSys | SCALE User&roup Workshop | 26.1 28.04.2023 TUVNORD



Spent fuel calculations

A At the end of their life cycle, spent fuel
assemblies are loaded into casks for storage

A Calculation of relevant spent fuel properties
(e.g. activity, decay heat) is required to assess
compliance with regulatory limits

A Input of data from the fuel life cycle:

- Geometry and material composition of fuel
assemblies are based on design specification

- Burnup history is based on information
collected during NPP operation
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TRITON Codesequence

A Input of

v | |SCALE6.2 ¥ Run * View w Edit =

3 read comp

. 4 ' fuel
- fuel assembly deS|gn parameters 5 w02 1 den=10.4 1 873 92235 4.000
6 92238 96.000 end
A material composition and fuel enrichment l i 5 1 625 ema
. . S ' water
A geometry and dlmenS|OnS 10 h20 3 den=0.702 1.000000 585 end

11 boron 3 den=0.702 0.000500 585 end

i 12 end col
- operational data of fuel assembly type | B o quide tube”
14 read celldata 64 cylinder 1 0.60
A average power 15 latticecell sguarepitch fueld=0.90 1 65 cylinder 2 0.65
16 gapd= 0.95 4 66 cuboid 3 4p0.715
. . . 17 cladd=1.10 2 67 media 311
A time steps until maximum burnup s piccho1 45 3 end | 68 media 512 -1
19 end celldata 69 media 3 1 3 -2
20" - 70 boundary 3 4 4
21 read burndata 71 global unit 10
x . . 22 power=40.00 burn=9%0 down=0 end 72 com="1/4 assembly’
A Calculation using 252-group neutron cross 23 power=40.00 burn=90 down=0 end 73 cuboid 1 12 012 0
. . 24 power=40.00 burn=9%0 down=0 end 74 array 1 1 place 1 1 0.715 0.715
section library based on ENDFHB-VII 25 power=40.00 burn=90 down=0 end e media 311
26 end burndata 76 boundary 2 32 32
27! 77 end geom
78 '

78 read array

80 ara=1 nux=8 nuy=8 typ=cuboidal
81 fill

gz 1
83
54
85
e
87
88
89
90 end array

A Output of problem -specific cross section library

[un

e
[
HHENR RN R
[ I I S O SRS
R R R e
I e
I I I I = R

1
1
1
1
1
1
1
1

[
[un

end fill
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